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Hortic. bras., Brasília, v.36, n.1, January -March 2018 S olanum gilo is one species of Solanaceae family, probably originated from Africa, introduced in Brazil by slaves. The fruit, the scarlet eggplant, has great acceptance in the Southeastearn part of Brazil, considering the States of Rio de Janeiro and Minas Gerais the main producers, with average productivities ranging from 20 to 60 t ha -1 . The fruits have bitter taste, are sources of carbohydrates, proteins, fat, phosphorus, calcium, iron, vitamins A, B and C. Scarlet eggplant is quite demanding in relation to temperature and under appropriated conditions harvest begins between 80 and 100 days after sowing, extending for more than 100 days (Filgueira, 2013 ). Seed quality is considered one of the main factors to be analyzed in a production system. However, the seed production process varies according to the species. Production of quality seeds depends on numerous cares as the place of origin, highlighting soil nutrient availability, since it directly influences on formation of the embryo, the genetics and chemical composition of the species (Carvalho & Nakagawa, 2012) . Several studies on nutritional management of the "motherplant" indicate that many factors may compromise the physiological quality of the seeds as for example the stage of translocation of nutrients to the seeds and the seed storage after its physiological maturation; these factors are considered as mandatory steps in a seed production program (Silva et al., 2015) . Souza et al. (2014) state that, during the storage time, the reduction of viability of seed germination is represented by a sigmoid negative curve, being variable to the conditions of temperature and local humidity. From the reduction in the respiratory rate, orthodox seed storage with lower water content allows the viability of biological materials for a longer period (Nascimento 2009 ). As the seeds of P. angulata, solanaceae, are orthodox, they did not present any reduction in germination and vigor during storage for up to 45 days (Carvalho et al., 2014 
ABSTRACT
Industrial and organic residues cause environmental impacts at various levels. However, these residues present potential to correct soil acidity and fertility. Considering the possibility of using these alternative sources, the objective of this study was to analyze the quality of scarlet eggplant seeds produced with the use of industrial waste. The experiment was carried out in a greenhouse. We used scarlet eggplant seeds (Solanum gilo), cv. 'Verde-Claro', and the soil was Typic Hapludox. The experimental design was randomized blocks, in a factorial distribution (3x4x5), being three soil variations [(pure soil (S), soil + cattle manure (SE) and, soil + sewage sludge (SL)], four corrective treatments [without correction (C1), limestone (C2), steel slag (C3) and marble powder (C4)], and five periods of seed storage (0, 100, 120, 140 and 160 days). The use of steel slag and marble powder associated with the addition of sewage sludge and cattle manure increased fresh mass of plants, at 40%, and dry mass of plants, at 48%, when compared with the pure soil. After 140 day of storage, negatives effects on the vigor of scarlet eggplant seeds could be noticed. Lima & Smiderle (2014) reported that the seeds of chilli pepper "Malagueta" (Capsicum frutencens) kept high germination until 90-day storage, stored at temperature of 25°C.
Keywords
In nutritional management, among the several factors involved, fertilization and correction of soil acidity are of great importance. Organic nutrient sources and cattle and poultry manures, as well as others, still need to have their benefits known considering seed quality, such as sewage sludge. However, environmental practices aiming to use residues such as steel slag and marble powder, for correcting soil acidity, and sewage sludge, as nutrient source for plants, have been studied in the latest years in order to reduce the impact of their deposition and to reduce production costs (Grotto et al., 2013; Freitas et al., 2015) .
The aim of this work was to analyze the scarlet eggplant seed quality produced in substrates containing industrial and organic residues and stored at room and controlled temperature.
MATERIAL AND METHODS
The experiment was carried out in a greenhouse at Campus of Centro de Ciências Agrárias da Universidade Federal do Espírito Santo, located in the municipality of Alegre-ES (20°45'48''S; 41°31'57''W; 250 m altitude). The climate of the region is hot and humid in the summer, with dry winter, and the average annual rainfall is 1,200 mm. The average annual air temperature is around 27°C (Inmet, 2015) .
The authors used scarlet eggplant seeds (Solanum gilo), cv. 'Verde-Claro', from Fazenda Feliz Lembrança, located in the municipality of Alegre. The used soil was Typic Hapludox collected to a depth of 15-60 cm layer, air-dried. The soil clods were manually broken and passed through a 2.00 mm sieve in order to obtain TFSA (thin air dried soil). Physical and chemical analyses, as well as analyses of the sewage sludge and the cattle manure were performed (Table 1 ). The sewage sludge was collected near the anaerobic lagoon of the Sewage Treatment Station of the Espírito Santense Sanitation Company, in Valparaíso, municipality of Serra-ES, and the cattle manure, was collected at the garden of Instituto Federal de Educação do Espírito Santo, Campus Alegre.
As soil correctives, the authors used limestone, steel slag and marble powder from marble factory of the South part of Espírito Santo, homogenized in a 60 mesh sieve (250 µm) for analyses ( Table 2 ).
The soil was treated with correctives, using a dose based on the method of base saturation (V) at 80% (Prezotti et al., 2007) , put in plastic bags and incubated during 21 days, the moisture was maintained at 60% of total pore volume, according to Freire et al. (1980) . In the treatments using marble powder, we applied gypsum in order to achieve "three parts of calcium and one part of magnesium" ratio, making calcium/magnesium ratio, contained in limestone and steel slag, similar.
After incubation time, the treated soils were dried in the shade and homogenized by sieving through a 2 mm mesh sieve, for basic fertilization with phosphorus and potassium at a dose of 90 and 78 kg ha -1 , respectively, for all treatments. The sewage sludge and cattle manure were applied at a dose of 80 t ha -1 , according to the respective treatments and incubated for 20 days. Then, samples of treated soils were sieved through a 2 mm mesh sieve and put in 5-dm³ pots. Twenty five seeds were sown per pot, kept in a greenhouse covered with black polyolefin screens with 50% light retention.
Soil moisture during the experiment was maintained at around 70% of field capacity (Filgueira, 2013) weighing the pots daily, using an analytical scale (0.001 g). Field capacity (CC) was determined using Richards extractor (tension of 10 kPa).
Twenty days after sowing, first thinning was done, leaving three plants per pot. Then, the authors determined emergence (%) and emergence speed index (IVE), according to Maguire (1962) , fresh and dry mass of the aboveground part (mg per plant) of the plants. Ten days after the first thinning, the second thinning was done, leaving one plant per pot, remaining there until fruit production (140 days).
Fruits were harvested when showed yellow-orange peel coloration. The seeds were extracted manually, washed in running water and placed to dry in the shade on paper towel for 72 hours; when water content reached 8%, the seeds were put in plastic bags and stored in a cold chamber (8±2ºC and RU of 60%).
The seed were evaluated during five storage times, considering that the first evaluation was done before storage and the others after 100, 120, 140 and 160 days after storage. In each evaluation, the authors considered: water content, using three sub-samples of 25 seeds, using the oven method at 105±3°C, during 24 hours (Brasil, 2009 ) being the results expressed in percentage. The germination of normal seedlings was obtained using four subsamples of 25 seeds for each treatment, sown in Petri dishes lined with two sheets of germitest paper, moistened with distilled water in the proportion equivalent to 2.5 times the dry paper mass, kept in a germination chamber (BOD type), regulated at alternate temperature ranging from 20-30°C and 8 h photofase. The speed of germination was determined at the germination test, considering germinated seed those ones which presented protrusion of the primary root ≥2.00 mm (Maguire, 1962) . Fresh and dry masses of the plants were put in Kraft paper bags; after, fresh mass was obtained and kept in a forced air circulation greenhouse, at 72°C, during 72 hours. The masses were determined in an analytical scale (0.0001 g), and the results expressed in mg per seedling.
The experimental design was randomized blocks, in a factorial distribution (3x4x5), being three types of soil [pure soil (S), soil + cattle manure (SE) and, soil + sewage sludge (SL)], four corrective treatments [without correction (C1), limestone (C2), steel slag (C3) and marble powder (C4)], and five storage times (0, 100, 120, 140 and 160 days), in a split-plot, with four replicates of 25 seeds.
The data related to these evaluated traits were transformed, as following:
emergence Y= [arcsin (x/100) 1/2 ] and others, using [(x + 0.5) 1/2 ]. After transformed, the data were submitted to analysis of variance, if any significant difference was found, the averages were compared using Tukey test, at 5% probability, and regression analysis.
RESULTS AND DISCUSSION
All heavy metals in the sewage sludge showed amounts below the maximum limits determined by CONAMA Resolution (2006). The soil used was characterized by the low nutrient availability and high acidity. Except for Ca, Cu and Zn, the cattle manure showed higher values for all macronutrients and micronutrients ( Table 1 ). The cattle manure provided organic nitrogen accumulation, an increase in mineralization potential and nutrient availability when compared with other organic fertilizers able to promote an improvement of soil chemical properties and an increase in P, N and Mg contents .
Among these correctives, steel slag stood out showing the highest averages of calcium oxide, neutralizing power and relative efficiency (Table 2) . These variables show the neutralizing power of soil acidity (Embrapa, 2004) , which can increase nutrient availability to the plants.
Considering the percentage of emergency and speed of seedling emergence in the pots, the authors verified no difference among the soil correctives. However, the highest emergence averages were found with the use of the steel slag and marble powder. The addition of organic matter influenced negatively the emergence percentage and speed, mainly when using cattle manure (Table 3) . This fact was observed in other studies in which the seedling emergence was lower in the presence of organic acids in soil. This behavior might be associated with phytotoxicity determined by carbon chain of the acids (Tunes et al., 2013) .
The greatest production of fresh and dry masses was observed in plants grown with the use of steel slag and marble powder associated with the addition of sewage sludge and cattle manure, which presented similar results (Table 3 ), in 40%, fresh mass, and in 48%, dry mass, when compared with pure soil suggesting that these correctives were efficient to neutralize exchangeable acidity (Al) and correct pH, favoring seedling growth. Some rocks present chemical potentials which are able to enrich soils with calcium and magnesium, promoting an increase in pH of the soil and availability of phosphorus and molybdenum for plant growth (Nogueira et al., 2013) . With the addition of organic matter and sewage sludge, some studies reported benefits related to an increase in amount of humus, cation exchange capacity, improvement in soil water infiltration and storage capacity, reduction of erosion and an increase in resistance of aggregates, and benefits to development and initial growth of plants, with greater production of dry mass and fruits (Caldeira et al., 2013; Freitas et al., 2015) .
Except for soil treated with marble powder, the authors did not notice fruit production when plants were grown without the addition of organic matter. The absence of fruits was also verified in soil without correction and fertilized with sewage sludge (Table  4) , corroborating the results obtained by Freitas et al. (2015) .
Considering the storage time of the produced seeds, the authors observed that the water contents between seed lots did not show any differences, remaining close to 8%, presenting minimum of 7.53 and maximum of 8.29 (Table 4) , which are inferior to maximum amplitude of 1 to 2 percentage points, which is accepted to ensure the credibility of the results obtained in vigor tests (Marcos Filho, 1999) .
The germination of the seeds produced in soil corrected with limestone and enriched with sewage sludge presented the lowest averages in relation to the ones produced in soil enriched with manure, reaching 15% of germination in soil fertilized with sewage sludge and 73% in soil fertilized with cattle manure ( figure  1B and C) . The average germination of seeds produced in soil corrected with steel slag and marble powder associated Table 3 . Emergency (E) speed emergency index (IVE) of the seedlings, fresh mass (MF) and dry mass (MS) of the seedling aboveground part in soil with correctives and organic matter sources. Alegre, UFES, 2016. Figure 1B and C) . The addition of marble waste and steel slag may have increased exchangeable calcium and magnesium contents in the soil, increasing the cation exchange and providing more nutrients, as it was observed by Machado et al. (2010) . The use of rock wastes promoted positive effect on the chemical quality of degraded soils, which reflects on the development of the cultivated species (Silva et al., 2008) . The fertilizer effect on the seed quality can be associated with available nutrients, which perform an important role in plant metabolism and help synthesize and accumulate carbohydrates (Taiz & Zeiger, 2013) .
CR
Storage time did not influence on seed germination, except for the seeds from plants produced in soil amended with limestone and fertilized with sewage sludge, which germination began after 120 days of storage and finished after 140 days of storage ( Figure 1B) . During seed formation, intense cell divisions and expansions, followed by progressive increase of dry mass, occur due to the synthesis and deposition of reserves. Then, seeds interrupt the physiological flow with the mother plant, becoming independent individuals (Marcos Filho, 2005; Bewley et al., 2013) . Leprince & Buitink (2010) stated that the seeds go into a dormancy phase under a range of environmental conditions. Thus, the variations in environmental conditions, in which the seeds were submitted during the processes of maturation and storage, may interfere directly in physiological quality causing metabolic degenerative changes, such as delay in germination, leaching of solutes and changes in enzymatic activity (Hehenberger et al., 2012) .
The germination behavior during storage is related to sources of energy reserves in the seeds. Lipids are considered as the major source of energy for germination and they can also have reserve and structural functions. Thus, the organization of lipoprotein membranes directly affects the normality of the physiological processes in seeds (Marcos Filho, 2005) . During storage, seeds deteriorate mainly due to lipid peroxidation which causes disintegration of the membranes (Inayat-Ur- Rahman et al., 2013) . However, Pukacka & Rajajczak (2005) reported that the activation of antioxidant enzymes reduces the level of membrane lipid peroxidation and, consequently, reduces seed deterioration during storage. T h u s , s u c h a s g e r m i n a t i o n percentage, the use of steel slag and marble powder stood out with high averages for variables: speed of germination and dry mass ( Figure 1D , E, F, G, H and I). The highest averages for speed of germination and dry mass of seedlings from stored seeds were obtained in seeds produced in soils with organic source addition, highlighting those in which the authors used cattle manure, which averages were higher than sewage sludge ( Figure 1D , E, F, G, H and I). The authors could observe, in all treatments, an increase in the rate of germination when the seeds were stored from 120 to 140 days, and a reduction after 160 days of storage ( Figure 1D , E and F). Seed longevity varies according to the genotype, but the storage period of the physiological potential depends largely on the degree of humidity and the conditions of the storage environment (Marcos Filho, 2005; Abud et al., 2012) . These results are not in agreement with the ones found by Zamariola et al. (2014) and Lima & Schmiderle (2014) , who evaluated vigor of eggplant and chilli pepper "Malagueta" seeds, respectively. The mentioned authors observed that after 90 days of storage, seed quality was affected negatively, showing reduction in germination and vigor.
According to the results obtained in these studies, steel slag and marble powder showed more potential for soil correction when comparing to limestone; sewage sludge and cattle manure are viable alternatives to fertilize soil for producing scarlet eggplant seeds. After 140 days of storage, the authors noticed negative effects on the seed vigor.
